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Daar  Sir! 

This  progress  report  oovern  two  phases  of  inTastlgatlon: 
tha  first  phase  on  tha  evaluation  of  forces  and  moment  expert*,  -ed 
b>  the  trailing  ship  la  nearing  completion  and  these  foroes 
and  moment  axe  included  in  this  progress  reports  the  second 
phase  of  the  work  in  hydrofoils  is  in  a preliminary  stats* 
and  it  is  concerned  with  the  method  of  solution  to  this  prob- 
lem together  with  s review  of  the  previous  published  Russian 
reports  on  this  subject. 

Verj  sincerely  * 

Adolf  Q»  Strandhagen 

Director  of  Project 

Distribution:  OSR  Chloago  (1) 

OHR  Washington*  Code  458  (5) 


Part  I Wave  Fore 6 

In  February,  1954,  we  forwarded  a frlef  letter  to 
Mr*  Bryson,  ONR/Chicago,  concerning  the  highlights  cn  the 
numerical  evaluation  of  boss  of  the  significant  force  and 
moment  components  experienced  by  a ship  which  is  moving 
directly  behind  and  in  the  path  of  a leading  ship*  At 
that  time  a few  Isolated  points  were  calculated  smd\  they 
revealed  detail*  which  ware  aignif leant  * The  graph.!  for 
the  force  and. moment  component a representing  additional 
wave  fore  ac  and  moment  caused  by  the  leading  ship  were  of 
oaclllatory  nature.  This  study  suggested  that  by  ju» 
diolously  spacing  the  two  ships,  an  appreciable  reduction 
In  forces  and  moment  could  be  obtained*  However,  the 
curves  did  not  show  any  regular  trend  at  tbr.l  time,.  Since 
then,  upon  closer  Investigation,  and  by  using  smaller 
intervals  for  the  calculations,  a definite  trend  has  been 
established.  In  addition,  further  work  has  been  com- 
pleted on  other  force  and  moment  components. 

Aa  far  as  the  effect  of  waves  is  concerned,  the  force 
and  moment  experienced  by  the  trailing  ship  may  be  classed 
into  three  parts:  the  force  and  moment  of  ships  alone; 

the  force  and  moment  due  to  mutual  interaction  between 
the  two  ships)  and  the  foroe  and  moment  due  to  wave  inter- 
ference. The  force  and  moment  components  which  are  due 
to  mutual  interaction  vary  Inversely  as  the  square  of  the 
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distance  between  the  two  ships.  Hence,  for  any  practical 
distance  between  the  ships,  these  components  are  no  doubt 
very  small  and  will  be  negleoted  in  the  calculations. 
Concerning  the  first  and  third  parts  lifted  above,  for  a 
given  set  of  parameters,  the  numerical  calculations  have 
been  completed  for  the  following  force  and  moment  components < 
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The  components  2$’  ’ 1 , MR'',  * ’ represent  force 

and  moments  acting  on  the  trailing  ship  as  if  it  were  alone, 
and  Components  Xg",  Z&*,  Kg*  and  Mj,"  are  due  to  wave 
interference.  In  terms  of  the  system  of  aouross  and  sinks 
used  to  replace  the  two  ships,  the  interpretation  of  the 
foregoing  foroe  end  moment  components  is  as  follows* 

Xg"  Is  one  part  of  the  resultant  horlsontal  force 
acting  on  the  trailing  ship  (distribution  A), 
and  the  trailing  system  of  sources  and  sinks 
behind  the  leading  ship  (distribution  B). 

Z4tf1  is  one  part  of  the  resultant  vertical  foroe 
on  the  distribution  A due  to  the  foroea  be- 
tween the  distribution  A and  the  trailing 
system  of  sources  and  sinks  behind  the  dis- 
tribution A. 
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Z_"  is  owe  part  of  tha  resultant  vertical  force 
o 

on  the  distribution  A due  to  the  forces  be* 
tween  the  trailing  system  of  ecutrces  and 
sinks  behind  the  distribution  B and  the  dis- 
tribution A itself* 

Mg*  is  one  part  of  the  resultant  moment  on  the 
distribution  A due  to  the  horlsontal  com- 
ponents of  the  forces  between  the  distri- 
bution A and  the  trailing  system  of  sources 
end  sinks  behind  the  distribution  A« 

Me”  la  one  part  of  the  resultant  moment  on  the 
distribution  A due  to  the  horlsontal  com- 
ponents of  the  forces  between  the  distri- 
bution A end  the  trailing  system  of  sources 
end  sinks  behind  the  distribution  B. 

M10*"  la  one  part  of  the  resultant  moment  on  the 
distribution  A due  to  the  vertical  compos 
rents  of  tha  forces  between  the  distribution 
A and  the  trailing  system  of  sources  and 
sinks  behind  the  distribution  A. 

Mil”  la  one  part  of  the  resultant  moment  on  the 
distribution  A due  to  the  vertical  compo- 
nents of  the  forces  between  the  distribution 
A and  the  trailing  system  of  sources  and 
sinks  behind  the  distribution  B* 


Figure*  1 through  7 show  tha  variation  of  the  effect 
of  wava  interference  with  respect  to  tha  apaelng  between 
ships.  The  forces  end  moments  acting  on  the  trailing  ship 
as  if  it  were  alone  do  not  war?  with  the  distance  between 
ships.  The  parametsrs  used  in  the  calculations  are!  (1) 
the  ratio  of  the  distance  between  ship  oentera  and  ship 
length*  at » 1/8  l * and  the  corresponding  quantities 
«C/*  Lj/82  * 0(  - 1 and  c<*«  1*2/8 3 * al  + 8j  (8)  draft 
ship  length  ratio*  /&  » d/8t  ; (3)  ratio  of  the  distance 
from  the  origin  of  the  axes  to  the  center  of  mass  of  the 
ship  and  the  ship  length*  C/2 { } and  (4)  the  inverse  of 
the  Square  root  of  Frauds1  a number,  p «»  l/V?'  . The  values 
chosen  for  these  various  parameters  are  as  follows: 

of«  8 through  7 

0*  0.1 

1/40 

P«  80 

The  following  remarks  will  be  confined  only  to  the 
effect  of  wave  interference  on  the  trailing  ship. 

The  curves  representing  the  effect  of  the  leading  ship 
on  the  trailing  ship  are  all  of  an  oscillatory  nature.  They 
are  damped  very  slowly  end  the  frequency  with  which  they 
vary  remains  practically  oonstant  with  increasing  distance 
between  ships.  It  is  surprising  that  svsn  for  a relatively 
large  distance  of  six  ship  lengths*  where  one  would  expect 
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negligible  effeot,  there  le  an  appreciable  value  for  the 
separate  components*  This  say  be  due  to  the  fact  that  the 
problem  ie  idealised  to  inolude  various  assumptions  which 
render  it  amenable  to  mathematical  analysis;  the  most 
drastic  deviation  from  actuality  probably  is  the  use  of 
a non- viscous  fluid*  Despite  the  assumptions  used#  the 
analysis  and  calculations  give  a qualitative  description 
of  the  phenomenon  as  waa  evldenoed  by  experiments  con- 
ducted by  Earrlllon;  a Franeh  naval  arohlteot*  in  1926* 

He  detected  that  the  effeot  of  the  leading  ship  on  the 
trailing  ship  oscillated  and  diminished  very  slowly  with 
distance*  Even  at  a spacing  of  five  or  six  ship  lengths 
the  effect  was  measurable* 

At  the  speed  chosen  In  the  calculations,  all  the 
curves  oscillate  at  the  rate  of  about  three  cycles  per 
ship  length*  The  equations  for  the  various  forces  and 
moments  indicate  that  as  the  speed  increases  the  frequency 
per  ship  length  decreases.  Thus*  the  effect  of  the  lead- 
ing ship  on  the  trailing  ship  is  more  sensitive  to  the 
spacing  between  ships  at  low  speeds  then  at  high  speeds* 

At  low  speeds  then*  a email  change  in  the  spaolng  between 
is  likely  to  change  the  wavs  effect  from  a maximum  re- 
duction to  a maximum  Increase*  However*  the  trailing  ship 
would  probably  not  experience  any  oscillating  motion  if 
the  distance  between  the  ships  is  continuously  increasing 
or  decreasing*  Tho  total  wave  effect  of  the  leading  ship 
on  the  trailing  ship  would  not  amount  to  more  than  five 
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per  cent  of  the  total  forces  and  moments  due  to  all 
causes  acting  oa  the  trailing  ship*  This  small  oscll- 
iatlng  force  acting  on  the  large  mass  of  the  ship  would 
W not  be  sufficient  to  cause  any  appreciable  surge,  pitch, 

or  heaving* 

The  writing  of  a comprehensive  and  concluding  report 
on  the  additional  wave  forces  and  moment  experienced  by 
a trailing  ship  is  planned  for  the  month  of  June* 
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Fart  II  Hydrofoils 

A preliminary  investigation  of  the  problem  of  oscil- 
lation of  bodies  under  a free  surface  of  an  incompressible 
fluid  has  been  underway  for  the  last  eight  weeks*  The 
goal  of  this  preliminary  investigation  is  to  review  criti- 
cally the  existing  literature  in  this  field  for  the  fol- 
lowing purposes*  (1)  to  note  the  methods  of  analysis, 

(2)  to  review  the  assumptions  in  the  analysis,  (5)  to 
interpret  the  results  of  analyst*,  and  (4)  to  ascertain 
whether  portions  of  previous  analysis  would  be  applicable 
to  our  problem  on  steady  oscillation  of  flat  foils  moving 
with  a constant  velocity  below  a free  surface* 

The  available  Russian  reports  by  Kotohln  were  the 
first  to  be  reviewed  carefully*  la  many  respects  these 
reports  reveal  a method  of  analysis  that  is  both  general 
and  applicable  to  a wide  class  of  hydrodynamic  problems* 

a 

However,  the  restriction  and  assumptions  that  are  Intro- 
duced in  his  development  appear  to  be  questionable*  Per 
example,  the  mean  values  of  certain  time-dependent  in- 
tegrals wore  assumed  to  be  zero*  Moreover  Kotchln's 
analysis  does  not  take  into  account  the  vortex  trail  aris- 
ing from  the  oscillation  of  the  fell*  Thus  these  onmls- 
alons  imply  a lift  force  that  is  only  partially  correct . 
Thcs®  cmaissions  and  their  limitations  on  the  magnitude 
of  the  lift  foroe  were  not  discussed  by  Kotcbln*  They 
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may  be  small  In  some  instances,  and  further  investigation 
are  needed*  Finally,  several  mathematical  steps  in 
his  study  are  questionable,  or  if  restrictions  are  Implied, 
they  were  not  stated*  However,  the  procedure  employed  by 
Kotehin  together  with  suitable  corrections  might  prove  a 
potential  method  of  analysis* 

ftuessner's  more  recent  report  on  the  problem  of  un- 
steady lifting  surface  is  an  excellent  source  of  informa- 
tion of  various  methods  employed  by  the  aeronautical 
scientists  for  the  past  thirty  years*  Kueasner  was  able 
to  formulate  and  to  solve  the  boundary  value  problem  with 
a minimum  of  physical  facts  and  he  was  also  able  to  ob- 
tain valuable  generalizations.  The  transformation  of 
coordinates  together  with  a certain  amount  of  additional 
information  found  in  Juossner's  paper  appears  to  be  use- 
ful for  the  study  of  the  problem  of  unsteady  lifting  sur- 
faces placed  below  a free-surfaoe*  Sear's  report  in  this 
same  area,  although  of  earlier  date,  emphasizes  the  phy- 
sical interpretation  of  the  role  placed  by  the  trailing 
vortex  sheet*  He  was  able  to  show  the  separation  of  total 
lift  into  three  parts  and  the  eignlf leaned  of  eaoh  part. 

Our  plan  for  the  remaining  month  of  May  and  the  early 
part  of  June  is  to  review  several  other  papers*  After 
this  is  done,  the  solution  of  the  proposed  problem  will  be 
started*  It  is  believed  that  parts  of  the  above  background 
material  eventually  will  be  of  valuable  assistance  in  car- 
rying out  either  the  method  or  procedure  of  solving  our 
problem. 
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